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1. . A controlled, switched laser system for 
vaporizing a target structure on a substrate, comprising: 
a dipde- pumped, solid-state laeer—assembly; and 
a controllable switch for controlling the on/off 
state and power leveU of the laser assembly; 

the laser assembly having a laser beam output with 
an output pulse width\ less than about 8 nanoseconds at an 
operating repetition riate of about 5 kilohertz or higher, 
and a wavelength beyond the absorption edge of the substrate 
in order to obtain low \absorption of the laser beam output 
by the substrate; 

whereby heating 6f the substrate and hence damage to 
the substrate is limited \due to the output pulse width being 
less than about 8 nanoseconds and due to the wavelength 
being beyond the absorption edge of the substrate. 
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2. The laser system of claim 1 wherein the output 
pulse width of the laser bekm output is less than about 5 
nanoseconds at an operating \repetition rate of about 5 
kilohertz or higher. 
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3 . The laser system 6f claim 2 wherein the output 
pulse width of the laser beam butput is less than about 4 
nanoseconds at an operating repetition rate of about 5 
kilohertz or higher. 
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4. The laser system of dlaim 3 wherein the output 
pulse width of the laser beam ouAput is less than about 4 
nanoseconds at an operating repetition rate of about 8 
kilohertz or higher. 



1 5. The laser system of clakm 2 wherein the output 

2 pulse width of the laser beam output is less than about 5 



nanoseconds at an operating repetition rate of about 10 
kilohertz or higher. / 



6 . The laser system of claiwf 1 wherein the output 
pulse has a peak beam power sufficiently high to evaporate c 
metal link in a high-density memoi 

7. The laser system of claim 1 wherein the laser 
assembly comprises a neodymium vanadate laser. 




claim 1 wherein the laser 
YLF laser. 



8. The laser system 
assembly comprises a neodymr 



9. The laser systerfi if blaim 1 wherein the laser 
assembly comprises a neodwnium : YAG laser. 



10. The laser system of claim 1 wherein the laser 
assembly comprises a laser having a cavity length optimized 
for limiting the output pulse width. 



11. A method/of vaporizing a target structure on a 
substrate, comprising the steps of: 

providing a /controlled, switched laser system 
comprising a diodeVpumped, solid-state laser assembly and a 
controllable switch for controlling the on/off state and 
power level of thh laser assembly; 

producing a laser beam output having an output pulse 
width less than /about 8 nanoseconds at an operating 
repetition rat& of about 5 kilohertz or higher, and a 
wavelength beypnd the absorption edge of the substrate in 
order to obtain low absorption of the laser beam output by 
the substrate; and 



13 directing the laser beam output at thd target 

14 structure on the substrate to vaporize the /target structure; 
•15 whereby heating of the substra^e-ctnd hence damage to- 

16 the substrate is limited due to the output pulse width being 

17 less than about 8 nanoseconds and due Ao the wavelength 

18 being beyond the absorption edge of ythe substrate, 

1 12. The method of claim Yl wherein the target 

2 structure comprises a metal lin)/ in a high-density memory. 
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13. The method of cl/im 11 wherein the second 
target structure comprises f link formed of a material 
selected from the group of/poly^i{LjLcide, polysilicon, and 
like materials. 



14. The method/ 
comprises silicon. 



of claim 11 wherein the substrate 
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15. A controlled, switched laser system for 
vaporizing a target/ structure on a substrate, comprising: 
a diode -piuhped, solid-state laser for producing a 
laser output witbf an output pulse width less than about 8 
nanoseconds at afn operating repetition rate of about 5 
kilohertz or hi/gher; 

a controllable switch for controlling the on/off 
state and powfer level of the laser; and 

a wavelength shifter for shifting the wavelength of 
the laser oAtput from a conventional wavelength to a 
wavelength/beyond the absorption edge of the substrate in 
order to obtain a decrease in absorption of the laser output 
by the substrate due to the shift in the wavelength of the 
laser output. 
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16. The laser system of claim 15 wherein the laser 
is a tunable fosterite laser and the wavelength shifter is a 
tuner incorporated into the fosterite -laser/ 
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17. The laser system of claim ift wherein the 
wavelength shifter is not part of the I'aser. 
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18. The laser system of claAm 17 wherein the 
wavelength shifter is removably intertable into the switched 
laser system so as to enable the /switched laser system to 
operate at the conventional wavelength and at the wavelength 
beyond the absorption edge of jfhe^ substrate. 
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19. The laser systeifi of 'claim 15 wherein the 
conventional wavelength is /about 1.047 fim. 

20. The laser system of claim 15 wherein the 
conventional wavelength/is about 1.064 /im. 



u 1 21 • The laser/ system of claim 20 wherein the output 

□ 2 pulse width of the liser output is less than about 4 

j{ 3 nanoseconds at an operating repetition rate of about 8 

nj 4 kilohertz or highe: 
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22. The laser system of claim 20 wherein the output 
pulse width of the laser output is less than about 5 
nanoseconds at /an operating repetition rate of about 10 
kilohertz or higher. 
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23. /the laser system of claim 15 wherein the 
wavelength s/hifter is a Raman shifter. 
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24. The laser system of claim 15 
pulse has a peak beam power sufficiently 
metal link in a -high-density memory. _ 



nrein the output 
to evaporate a 



25. A method of vaporizing a target structure on a 
substrate, comprising the steps of: / 

providing a controlled, switched laser system 
comprising a diode-pumped, solid-s/ate laser and a 
controllable switch for controlling the on/off state and 
power level of the laser; / 

producing a laser «&utpu£ having an output pulse 
width less than about 8 nanoseconds at an operating 
repetition rate of about 5 kiAohertz or higher; 

shifting the wavelength of the laser output from a 
conventional wavelength to /a wavelength beyond the 
absorption edge of the substrate in order to obtain a 
decrease in absorption off the laser output by the substrate 
due to the shift in the /Wavelength of the laser output; and 

directing the Laser output at the target structure 
on the substrate to vaporize the target structure. 

26. A controlled, switched laser system for 
vaporizing a target/structure on a substrate, comprising: 

a diode-pumped, solid-state laser assembly; and 

a controllable switch for controlling the on/off 
state and power Level of the laser assembly; 

the laserf assembly having a laser beam output having 
an output pulse/width less than about 8 nanoseconds at an 
operating repetition rate of about 5 kilohertz or higher, 
and a wavelength beyond the absorption edge of the substrate 
but shorter than 1.2 ftm in order to obtain low absorption of 
the laser bealm output by the substrate; 
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whereby heating of the substrate and henc£ damage to 
the substrate is limited due to the output puis/ width being 
less than about 3 nanoseconds and due -ko- the wavelength 
being beyond the absorption edge of the substrate, and 
whereby good depth of focus of the laser beim output is 
maintained relative to spot size of the laser beam output 
due to the wavelength being less than about 1.2 /xm. 

27. The laser system of claim flS wherein the output 
pulse has a peak beam power^suf f icien£ly high to evaporate a 
metal link in a high - dens i£#1memory, 

28. A method of vaporizing a target structure on a 
substrate, comprising the steps 

providing a controlled, ^witched laser system 
comprising a diode-pumped, sol^d-state laser assembly and a 
controllable switch for controlling the on/off state and 
power level of the laser assembly; 

producing a laser beam output having an output pulse 
width less than about 8 nanoseconds at an operating 
repetition rate of about 5^ kilohertz or higher, and a 
wavelength beyond the absorption edge of the substrate but 
shorter than 1.2 /un in otder to obtain low absorption of the 
laser beam output by thfe substrate; and 

directing the laser beam output at the target 
structure on the substrate to vaporize the target structure; 

whereby heating of the substrate and hence damage to 
the substrate is limited due to the output pulse width being 
less than about 8 /nanoseconds and due to the wavelength 
being beyond the /absorption edge of the substrate, and 
whereby good depth of focus of the laser beam output is 
maintained relative to spot size of the laser beam output 
due to the wavelength being less than about 1.2 fim. 
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29., The method of claim 28 wherein the laser beam 
output has a spot size and depth of field sufficient for 
reliable processing of target structures-on a ^ubstrate 
having a substantially non-flat surface. / 

30. The method of claim 29 wherein/the laser beam 
output has a spot size and depth of f ield huf f icient for 
reliable processing of target structures yon a wafer having 
approximately an 8 -inch diameter, a thickness of less than 
about 300 fim, and a substantial variation in flatness over 
its surface. 

31. The method of claim 2 8 ^herein the target 
structure vaporized by the laser beam output is about 1 /xm 
wide . / 

32. The method of claim/28 wherein the target 
structure vaporized by the laser beam output is about 1/3 /zm 
thick. / 

33. The method of cl4im 28 wherein the target 
structure comprises a metal/link in a high-density memory. „ 

34. A controlled/ switched laser system for 
vaporizing a target structure on a substrate, comprising: 

a diode-pumped, yfeolid-state laser for producing a 
laser output with an output pulse width less than about 8 
nanoseconds at an operating repetition rate of about 5 
kilohertz or higher;/ 

a controllable switch for controlling the on/off 
state and power level of the laser; and 

a wavelength shifter for shifting the wavelength of 
the laser output /from a conventional wavelength to a 



11 

12 
—13 
14 
15 
16 
17 
18 
19 
20 
21 



wavelength beyond the absorption edge of the substrate in 
order to obtain a decrease in absorption of the laser output 
by the substrate due to the shift in fefee-wavelength of the - 
laser output, the wavelength shifter enabling the switched 
laser system to operate at the conventional: wavelength and 
at the wavelength beyond the absorption edge of the 
substrate; 

the laser comprising optics for /focusing a laser 
spot at the conventional wavelength and also, without 
modification of the optics/fat the wavelength beyond the 
absorption edge of the substrate. 



u 1 35. The laser system of 

O 2 conventional wavelength is about 



Laim 34 wherein the 
.064 nm. 
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36. The laser system of claim 34 wherein the 
wavelength beyond the absorption edge of the substrate is 
shorter than 1.2 pm. 
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37. The laser system of claim 34 wherein the laser 
comprises optics optimized' for operation at the conventional 
wavelength. 

38. The laser iystem of claim 34 wherein the laser 
comprises optics optimized for operation at the wavelength 
beyond the absorptioa edge of the substrate. 
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39. The lafeer system of claim 34 the laser 
comprises optics optimized for operation at a wavelength 
intermediate between the conventional wavelength and the 
wavelength beyond the absorption edge of the substrate. 
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40. The laser system of claim 34/wherein the 
wavelength shifter is a Raman shifter. 



41. The laser system of claim wherein the output 
pulse has a peak beam power suf f icient/ly high to evaporate a 
metal link in a high -density memory. 



structures on 



42. A method of vaporizing 
substrates, comprising the steps oi 

providing a controlled, switched laser system 
comprising a diode-puTrfeed, solid-yitate laser and a 
controllable switch |dr controlling the on/off state and 
power level of the laser; 

producing a laser output having an output pulse 
width less than about 8 nanoseconds at an operating 
repetition rate of about 5 kmohertz or higher; 

directing the laser c/utput at a first target 
structure on a first substrate to vaporize the first target 
structure, the laser output/ being at a wavelength beyond the 
absorption edge of the fir/st substrate in order to obtain 
low absorption of the las£r output by the first substrate, 
the laser output being focused by optics of the laser; 

shifting the wavelength of the laser output from the 
wavelength beyond the absorption edge of the first substrate 
to a conventional wavelength; and 

directing the /Laser output at a second target 
structure on a second substrate to vaporize the second 
target structure, thfe laser output being at the conventional 
wavelength, the lasfer output being focused by the optics 
previously used to/focus the laser output onto the first 
substrate, without modification of the optics. 
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43.. The method of claim 42 wherein £he second 
target structure comprises a link formed of a material 
selected from the group of polysilicide^Tpolysilicon, and 
like materials. 



l 
2 



44. The method of claim 42 wt 
structure comprises a metal link. 



ferein the first target 
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45. A controlled, switched laser system for 
vaporizing a target structure on /a substrate, comprising: 
a diode-pumped, solid-state laser for producing a 
laser output; 

a controllibjL^ switch feoz controlling the on/off 
state and power l&r^l of the /laser; and 

a wavelength shifter/ for shifting the wavelength of 
the laser output from a fitfst, conventional wavelength to a 
second wavelength beyond t/he absorption edge of the 
substrate but shorter thafn 1.2 fim in order to obtain a 
decrease in absorption df the laser output by the substrate 
due to the shift in the/ wavelength of the laser output, the 
wavelength shifter being removably insertable into the 
switched laser system/so as to enable the switched laser 
system to operate at /the conventional wavelength and at the 
wavelength beyond thte absorption edge of the substrate; 

whereby heat/ing of the substrate and hence damage to 
the substrate is limited due to the second wavelength being 
beyond the absorption edge of the substrate, and whereby 
good depth of foc/is of the laser beam output is maintained 
relative to spot /size of the laser beam output due to the 
second wavelengtjta being less than about 1.2 ^m. 
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46. The laser system of claim 45 wherein the laser 
output has an ^output pulse width less than about 8 
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nanoseconds at an operating repetition rate of about' 5 
kilohertz or higher, whereby heating of the substrate and 
hence damage to -the substrate is limifeed-due to /the output 
pulse width being less than about 8 nanoseconds 



1 47. The laser system of claim 45 wherein the laser 

2 is a neodymium vanadate laser. 
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48 The laser system of claim 45/wherein the laser 
is a neodymium: YLF laser. 



1 49 The lasei^system of claijrf 4 5 wherein the laser 

2 is a neodymium: YAG ^Jaser. 
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50. The laser system of /claim 45 wherein the laser 
has a cavity length optimized f/br limiting the output pulse 
width. 
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51. The laser systefa of claim 45 wherein the laser 
comprises optics optimized/ for operation at the conventional 
wavelength. 

52. The laser /System of claim 45 wherein the laser 
comprises optics optimized for operation at the wavelength 
beyond the absorptio/i edge of the substrate. 
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53. The laker system of claim 45 the laser 
comprises optics (bptimized for operation at a wavelength 
intermediate between the conventional wavelength and the 
wavelength beyond the absorption edge of the substrate. 
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54. The laser system of claim 45 wherein the 
wavelength shifter is a Raman shifter. 
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55. The laser system of claim 45 wherein the/output 
pulse has a peak beam power sufficiently high to eyaporate a 
metal link in a high-density memory. 
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56. A method of vaporizing target structures on 
substrates, comprising the steps of: / 

providing a controlled, switched lateer system 
comprising a diode-pumped, solid-state lafeer and a 
controllable switch for controlling the/on/off state and 
power level of the laser; 

producing a laser ^jifeput having an output pulse 
width less than about 8 nanoseconds' at an operating 
repetition rate of about 5 kilohe/tz or higher; 

directing the laser output through a removably 
insertable wavelength shifter t*b a first target structure on 
a first substrate to vaporize /the first target structure, 
the laser output being at a jwavelength beyond the absorption 
edge of the first substrate/ but shorter than 1.2 nm in order 
to obtain low absorption df the laser output by the first 
substrate while maintain/ng good depth of focus of the laser 
beam output relative to/ spot size of the laser beam output; 

removing the removably insertable wavelength shifter . 
from the switched laser system, in order to shift the 
wavelength of the Laser output from the wavelength beyond 
the absorption edge of the first substrate to a conventional 
wavelength; and / 

directing the laser output at a second target 
structure on a/ second substrate to vaporize the second 
target structure, the laser output being at the conventional 
wavelength. / 



